The synthetic tetrapyrrole macrocycles, such as porphyrins (H 2 P) and phthalocyanines (H 2 Pc), exhibit interesting physicochemical properties suitable to be used in modern technology. For many applications, those species should be trapped or fixed inside graphite, hydrotalcites, silica, TiO 2 , or polymers. Methodologies for the optimization of the properties of porphyrins, trapped or fixed inside polymers, have been barely developed. Our research works in the development of methodologies for the optimization of incorporation and display of properties of tetrapyrrole macrocycles inside inorganic, polymeric, or hybrid networks. This paper shows some results about the effect of the spatial disposition of the amine (-NH 2 ) groups attached on the periphery of substituted tetraphenylporphyrins, on the Nylon 66 structure and on the display of the physicochemical properties of the trapped macrocycles. Nylon 66 was synthesized from adipoyl chloride and hexamethylenediamine in presence of tetraphenylporphyrins substituted with -NH 2 groups localized at the ortho-or para-positions of the phenyls. Cobalt complexes formation was used to quantify the amount of porphyrins in the polymer fibers. Characterization results show that the spatial position of amine groups of the porphyrins has important structural and textural effect on the Nylon 66 fibers and on the fluorescence of the porphyrins integrated into the fibers.
Introduction
Porphyrins are tetrapyrrole macrocyclic compounds playing a transcendental role in nature as one of the principal components of molecules such as (i) chlorophyll, (ii) the heme group in blood and cytochromes and (iii) cyanocobalamin (Vitamin B 12 ) [1] [2] [3] . Formally, porphyrins are modified or substituted aromatic tetrapyrrole macrocyclic compounds derived from porphin (Figure 1 ), which consists of four pyrrole rings bonded through methine (=CH) bridges in order to form a planar and highly conjugated macrocycle. In the free bases of porphyrins, the two pyrrolic hydrogens can be substituted by a cation, and the remaining two nitrogens tend to easily coordinate with a metal nucleus as to form a stable metalloporphyrin. Synthetic porphyrinic complexes, involving practically all metallic elements of the periodic table, have been synthesized already [2] [3] [4] . The central space of porphyrins can only accommodate ions having an atomic radius smaller than 0.201 nm [2] [3] [4] ; thus, causing that in the porphyrinic complexes containing the larger ions, the metallic element must be located outside of the molecular plane. Similar to the size of the cation, the presence of massive axial ligands can either induce the loss of planarity or the structural deformation of the macrocycle. Furthermore, both peripheral and remaining pyrrole hydrogens as well as those allocated on the methine bridges can be exchanged by different chemical substituents to render an extraordinary family of compounds (Figure 1(b) ). The extensively delocalized -electron systems of these centrosymmetric compounds confer upon them, besides chemical and thermal stability, some other interesting spectroscopic, optical, and electrical properties that allow a great number of applications in fields such as optics [5, 6] , electrochemistry [7] , catalysis [8] , and sensoring [9, 10] . The free bases of porphyrins exhibit a red fluorescence in the range from 600 to 730 nm, and it is known that light of wavelength between 620 and 690 nm penetrates about 1.0 cm into biological tissues [11] . However, at both the far red or near infrared radiation regions (650 to 1,500 nm), a better tissue penetration occurs [12] . Furthermore, some substituted porphyrins are selectively adsorbed by malignant tissues when singlet oxygen ( 1 O 2 ) atoms are generated under red light illumination [2] [3] [4] [13] [14] [15] . Due to these properties, porphyrins have been extensively probed and used in Photodynamic Therapy (PDT) of cancer [16] and in the inactivation of some kinds of bacteria [17] .
In meso-porphyrins, either one or several methylene hydrogens can be substituted by alkyl or aryl groups, as, for instance, phenyl rings in tetraphenylporphyrins (H 2 TPP). In tetraphenylporphyrins, the substituents are commonly located at the para-positions of phenyls ( Figure 1(c) ); that is, these groups are situated on the same molecular plane [8, 18, 19] . It has been demonstrated that there exists a relationship among (i) the presence of electroattracting substituents, (ii) the basicity of the central nitrogens, and (iii) the redox and photophysical properties of H 2 TPP molecules [20] . Reactivity differences have been discovered among the ortho-, meta-, and para-substituted isomers of tetrakis-(Nmethylpyridinium)-porphyrin, H 2 TMPyP 2+ [21, 22] . In this molecule, the ortho-isomer results to be a very acid porphyrin (pKa = −0.9), and it is a very well-known example of a stable porphyrin in acid medium (1 M), the H 2 TMPyP 4+ dicationic form of which can be observed at high acid concentration (up of 10 M). Great differences in the redox and photophysical properties have been discovered among the ortho-, meta-, and para-halide substituted traphenylporphyrins, H 2 T(o, mó p-X)PP, and this kind of phenomenon has been termed as the "ortho-effect" [21] [22] [23] [24] [25] .
The electroattracting character of the substituents present in meso-tetraphenylporphyrins diminish the intensity of UV-Vis absorption [21, 22, 26, 27] , but this effect results are more evident in the emission spectra [23] [24] [25] 28] . Related to this, a shallow, but persistent shift is observed with respect of the principal bands (i.e., the Soret and bands) in the UV-Vis spectra of para-, meta-, and ortho-H 2 TMPyP isomers. Yet, these changes occur differently for ortho-and para-isomers than for the meta-isomers. However, larger differences in the UV-Vis spectra are detected for the ortho, meta, and para isomers of protonated forms of H 2 TPP and H 2 TMPyP species.
For some of the above mentioned applications, porphyrins require to be trapped or fixed inside diverse substrates such as carbon, zeolites, and inorganic oxides [29] . However, the development of pertinent methods for preserving the physicochemical and luminescent properties of porphyrins trapped or fixed within polymer networks has been scarcely explored during the past decades [30] [31] [32] . In view of the transcendental role played by tetrapyrrole macrocycles in nature and because of the properties inherent in their synthetic analogues, during the last decade an increased interest has aroused for the synthesis of new materials based on the use of these compounds [4, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . At this concern, new polymeric systems were synthesized; the important point being that porphyrins could be trapped, fixed as a ramification, or inserted as part of the polymeric chain. The materials so obtained showed interesting physicochemical properties suitable to be used in technological areas and devices such as catalysis [4, 37, 38] , electrocatalysis [31, 32] , solar cells [4, 39, 40] , electronics [4, 41] , optics [4, 42, 43] , permeable membranes [44] , medical appliances [45, 46] , and sensors [47] [48] [49] . In the present work, we have explored the structural effect of structurally attaching different isomers of tetraphenylporphyrins over polymer fibbers that grow from polyamine Nylon 66-like polymers when the isomers of ortho-and paraamine substituted tetraphenylporphyrins, that is, (H 2 T(o-NH 2 )PP and H 2 T(p-NH 2 )PP) ( Figure 2 ), were included in the synthesis. The formation of the respective cobalt complexes of porphyrins was used as a way to confirm and quantify the presence of it in the polyamide chains. The miscellaneous properties showed by porphyrins and their potential integration to Nylon 66 fibbers could be used in the design of new and interesting hybrid materials, suitable to be employed in assorted technological areas.
Experimental

Synthesis of Porphyrin Free Bases. Free bases of ortho-
(o) and para-(p) substituted tetraphenylporphyrins, H 2 T(oor p-S)PP (Figure 1(b) ), were synthesized by the Rothemund reaction and the Adler Method [50] [51] [52] , from their respective substituted ortho-or para-nitro benzaldehyde, together with pyrrole, and zinc acetate, Zn(Ac) 3 , under reflux in propionic acid ( Figure 3 ). Once the reaction mixture was cooled to ambient conditions, an equivalent volume of chloroform was added to the mixture, which was kept under stirring for 12 hours. The resultant solid was filtered and washed with chloroform and methanol until the filtered liquid was clear. In a second step, the nitro groups (-NO 2 ) were reduced with a SnCl 2 ⋅2H 2 O, HCl solution while maintaining the temperature at around 65-70 ∘ C for 25 minutes. After this period, the mixture was neutralized with a 30 vol.% NH 4 OH solution.
The reddish precipitate was extracted with chloroform, which was later evaporated. The solid obtained was washed with a diluted ammonia solution. Purified H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP solids were obtained by filtration through a chromatographic silica gel column employing chloroform as eluent. The resultant purple solids were characterized by elemental chemical analysis, FTIR, UV-Vis, and fluorescence spectroscopies.
Synthesis of Nylon 66 with Chemically Attached
Orthoor Para-NH 2 Substituted Porphyrins (Ny 66-o-NH 2 or Ny 66-p-NH 2 ). To synthesize Nylon 66 fibers containing free bases of porphyrins as part of the polyamide structure, 0.8 g of hexamethylene diamine was dissolved in 12 mL of a 0.625 M NaOH solution. This dissolution was added under continuous stirring to a second mixture consisting of 1 mL of adipoyl chloride and 11.1 mL of a solution of either 1.63 × 10 −4 M of H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP, in chloroform, while kept under ice inside a water bath ( Figure 4 ). The polyamide solid formed this way was filtered and washed with methanol and chloroform, dried at room temperature overnight, and left reacting for one more night at 75 ∘ C. For simplicity, the samples were labeled as Ny 66-o-NH 2 or Ny 66-p-NH 2 ; additionally, a pure Nylon 6 sample was synthesized in the absence of porphyrins to be employed as a blank specimen. All polyamides were characterized by FTIR, UV-Vis, fluorescence, SEM, and EDS mapping.
Synthesis of the Ny 66-Co-o-NH 2 or Ny 66-Co-p-NH 2
Cobalt Complexes. The Ny 66-Co-o-NH 2 or Ny 66-Cop-NH 2 cobalt complexes were synthesized from a 0.100 g mixture of the respective Ny 66-o-NH 2 or Ny 66-p-NH 2 samples dissolved in methanol and 0.4 g of CoCl 2 ; this reactant system was kept under reflux for 12 h. After this time, the solids were filtered and washed sequentially with methanol, chloroform, and water to eliminate any unreacted cobalt. The dried solids were characterized by FTIR, UV-Vis, and fluorescence spectroscopies, as well as by HRSEM and EDS mapping.
Instrumentation. UV-vis-NIR characterization was carried out in a Cary-Varian 500 E spectrophotometer from
International Journal of Polymer Science 200 to 800 nm (UV-vis) and from 1000 nm to 2500 nm (100,000 to 4,000 cm −1 ) (NIR). Infrared spectra (FTIR) were obtained from a Perkin-Elmer GX FTIR spectrometer. The fluorescence of solutions was measured at 25 ∘ C in a PC1 spectrofluorometer from ISS (Champaign, IL), equipped with a water-jacketed cell holder for temperature control. Fluorescence emission of the hybrid solids was obtained at room temperature, between 200 and 800 nm (UV-vis), by means of a Perkin-Elmer 650-10S spectrofluorometer fitted with a 150 W xenon lamp. The XRD diffractograms were obtained with powders Diffractometer Siemens D-5000 with graphite monochromator of (CuK ) = 1.5418Å. HRSEM images were obtained from a JEOL 7600F Instrument, including an Oxford Instruments INCA EDS detector.
Results and Discussion
The UV-visible spectra of free porphyrins are characterized by an intense band at around 420-430 nm (i.e., the Soret or B band) and four small bands in the range from 500
International Journal of Polymer Science to 700 nm; these last signals are assigned to the 2 → and 1 , 2 → transitions, respectively [2, 3] . In acid solution, free porphyrins can be protonated to form the H 4 P 2+ dicationic species. The UV-visible spectrum of this species shows a bathochromic-shifted Soret band (20-40 nm); the IV and III bands disappear, while the I signal grows and masks the II band [2, 3, 53] . Further changes evidence an increment in the resonance interaction between phenyl and pyrrolic rings followed by a slight projection out of the molecular plane of the compound [54] .
For the particular case of H 2 T(o-NH 2 )PP species in solution, the Soret band is observed at 417 nm together with four bands at 517, 553, 594, and 649 nm ( Figure 5(a) ), respectively. In the case of the H 2 T(p-NH 2 )PP species, the Soret band is located at 622 nm, while three other bands appear at 522, 570, and 660 nm, the II signal being a broad band at around 590 nm. In acid solution, the purple-red solution of these compounds turns green as a consequence of porphyrin protonation. The protonation of the central nitrogens of the porphyrin macrocycle leads to the formation of H 4 T(o-NH 2 )PP 2+ or H 4 T(p-NH 2 )PP 2+ dicationic species, the UV-vis spectra of which show bathochromic-shifted Soret bands, and lonely I bands that mask the remaining bands. In the particular case of H 2 T(p-NH 2 )PP species, the Soret band is observed at 440 nm and the I band at 651 nm. As it was mentioned in Section 1, many of the free bases of porphyrins and some of their complexes show fluorescence in the visible region, principally in the red part of the spectrum [8, 18, 19] . In turn, After the synthesis and purification of Nylon 66 fibers containing ortho-or para-amine substituted porphyrins, the Ny 66-o-NH 2 and Ny 66-p-NH 2 final samples were obtained. These specimens were amorphous, granular, and yellowish solids. In these samples, it was possible to observe the characteristic red fluorescence of porphyrins after being subjected to UV irradiation ( Figure 6) .
The X-ray diffraction patterns (Figure 7 ) of the Nylon 66, Ny 66-o-NH 2 , and Ny 66-p-NH 2 samples showed the same diffraction pattern of a predominant amorphous material with some crystallinity amount. In this sense, the bands at around 20.5 ∘ and 24.5 ∘ correspond to the reflection of (100) and (010, 110) doublet of the phase of Nylon 66 crystals oriented in a triclinic cell, and the less intense band observed at around 21.6 ∘ in the diffractogram of the Ny 66-p-NH 2 could be assigned to the presence of phase in this sample [55] [56] [57] . The couple of bands attributed to the phase were more intense for the Ny 66-o-NH 2 and Ny 66-p-NH 2 samples than for the pristine Nylon 66. This difference and the existence of phase in the Ny 66-p-NH 2 sample could be attributed to a slight crystallinity increment induced by the incorporation of the porphyrins in the polyamide network.
As for the FTIR spectrum of H 2 T(p-NH 2 )PP free base species (Figure 8 ), one band can be seen at around 3300 cm −1 and another one at 960 cm −1 ; these signals can be ascribed to the NH bond stretching and bending frequencies of NH 2 substituents and of the central nitrogens of the porphyrin free base. The bands located in the range from 2850 to 3150 cm −1 are attributed to C-H bond vibrations of the benzene and pyrrole rings. The band located at around 1490 to 1650 cm −1 can be assigned to C=C vibrations and that located at around 1350 and 1272 cm −1 can be due to -C=N and C-N stretching vibrations. The signals at around 1800 to 1900 cm −1 as well as the bands at about 800 cm −1 and 750 cm −1 are ascribed to C-H bond bending vibrations of para-substituted phenyls.
In the FTIR spectra of pure Nylon 66, it can be observed that the bands at 3314 and 3221 cm −1 and those arising at 1450 cm −1 and 750 cm −1 can be assigned to the stretching, deformation, and wagging vibrations of N-H bonds. The bands at 3089 and 3020 cm −1 are due to the asymmetric and symmetric stretching vibrations of C-H bonds. The bands at 2946 and 2867 cm −1 are associated to the CH 2 stretching vibrations. In turn, the C=O stretching vibrations can be observed at around 1717 cm −1 . The stretching, asymmetric deformation, and wagging of NH amide groups are observed at 1654, 1547, and 1376 cm −1 , respectively. The bands located at around 1140 cm −1 can be attributed to CO-CH symmetric bending vibration combined with CH 2 twisting. The bands at 936 and 600 cm −1 are associated with the stretching and bending vibrations of C-C bonds, and the band at 583 cm −1 can be due to O=C-N bending. The bands appearing at 936 and 1140 cm −1 are associated to the crystalline and amorphous structures of Nylon 66, respectively [58] . In the spectra of polymers containing ortho-or para-isomers of porphyrin, that is, Ny 66-o-NH 2 and Ny 66-o-NH 2 , the bands in the range from 3100 to 3600 cm −1 are slightly narrower than those observed in Nylon 66 spectra, suggesting a lower amount of physisorbed water. The bands located at around 3150 and 3300 cm −1 suggest the presence of a very low amount of macrocycle molecules in the solid samples. Furthermore, the band at around 940 cm −1 appears to have a lower intensity in the Ny 66-o-NH 2 system, thus suggesting a lower crystalline structure than that of the Ny 66-p-NH 2 sample. Because of the low concentration of macrocyclic species that are incorporated into the polymer network, the last result may not be conclusive at this point.
In the UV-vis spectra of Nylon 66 synthesized altogether with the H 2 T(o-NH 2 )PP, H 2 T(p-NH 2 )PP species (samples labelled as Ny 66-o-NH 2 and Ny 66-p-NH 2 ), the band at around 250 nm and the shoulder at 290 nm, assigned to the Nylon 66 [59] , are observed to depict a lower intensity than those due to the intense - * transitions of porphyrins. By this reason, the UV-Vis analysis is centred to the signals of the macrocyclic species. In the Ny 66-o-NH 2 and Ny 66-p-NH 2 samples, the observed Soret bands were wider than those obtained from solutions of these macrocycles and located at 437 and 426 nm, respectively (Figure 9 ). Both samples show the four bands, characteristic of porphyrin free base, however, the red-shifted Soret band together with the I band (at 656 nm) in the spectrum of Ny 66-o-NH 2 suggests the existence of a very small concentration of protonated porphyrin, that is, and likely, a higher interaction with the polyamide chains. The shift of the Soret band in the case of Ny 66-p-NH 2 was of only 4 nm, thus suggesting a low interaction of the macrocycle with the polyamide chains.
In obtained by excitation at 370 nm ( exc = 370 nm), two set of signals can be observed (Figure 10(a) ); the bands located at around 661 and 674 nm can be due to the fluorescent red emission of H 2 T(o-NH 2 )PP and H 2 T(p-NH 2 )PP free bases, respectively [60] [61] [62] . As it was demonstrated for Nylon 66, both, samples show fluorescence and phosphorescence;
these phenomena can be attributed to the presence of chromophoric structures or oxidation impurities created during the synthesis of the polymers [63] [64] [65] [66] [67] . Then, the bands seen in the range from 380 to 600 nm with maxima appearing at 461, 471, and 532 nm can be the result of the emissions of polyamide alone [63] [64] [65] [66] [67] or from its interaction with the macrocycle species. When these spectra are obtained by using an exciting light of 420 nm, that is, in the range of maximum absorbance, the signals appearing in the interval from 430 to 600 nm are observed to depict a lower intensity than those signals located from 600 to 750 nm (Figure 10(b) ). This means that bands displayed from 600 to 750 nm are emissions that can only be associated to the macrocyclic species, while the emissions of pure polyamide, or its interaction with the macrocycle, can only be observed when the systems are irradiated with light of a higher energy of shorter wavelength (i.e., ex ≈ 370 nm). Additionally, this last observation means that, in the synthesized systems, macrocyclic species and polyamide chains remain in the proximity of one another. Even if the shape and localization of the bands in these last spectra are very similar to those observed for porphyrins in solution ( Figure 5(b) ), in the case of the Ny 66-o-NH 2 sample, the maximum band at 661 nm is red-shifted by about 7 nm and the band at 724 nm is red-shifted by 10 nm with respect to those observed in solution ( Figure 5(b) ). Furthermore, in this sample, the third band appearing at 614 nm, in the spectra of the H 2 T(o-NH 2 )PP solution, appears very weakly and at the same position as for the Ny 66-o-NH 2 sample. The bands in the fluorescence spectra of the Ny 66-p-NH 2 sample remain practically at the same positions than those observed for the porphyrin in solution, that is, located at 665 and 727 nm. The last observations suggest that, in the Ny 66-p-NH 2 sample, porphyrin remains immersed under a physicochemical environment that is practically not affecting its emission process. Comparatively, the fluorescence spectra of the Ny 66-o-NH 2 sample suggest that, in this network, the luminescent process of porphyrin is slightly affected by the proximity of the polyamide chains formed up and down of the macrocycle plane, then causing that the emissions occur at longer wavelengths than those found in solution.
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That is, under these conditions, the emission of the H 2 T(o-NH 2 )PP species takes place after dispersing some amount of energy through vibration, something that is facilitated by the presence of polyamide chains. The examination of the characteristic UV-Vis and fluorescence bands in the spectra of the Ny 66-o-NH 2 and Ny 66p-NH 2 samples confirms the incorporation of a low amount of the respective H 2 T(o-NH 2 )PP and H 2 T(p-NH 2 )PP species into the structure of the polyamide network.
In the SEM images of Nylon 66, synthesized as a blank, both layered and radial structures can be observed of approximately the same diameters of about 7 m (Figures 11(a)  and 11(b) ). In contrast, the images of polyamide synthesized in the presence of the H 2 T(o-NH 2 )PP species show lamellar and curved structures in which the radial structures, observed in the blank sample, cannot be furthermore detected (Figures 11(c) and 11(d) ). Additionally, in the polymer synthesized in the presence of the H 2 T(p-NH 2 )PP species, there exists a rougher but more homogeneous, compact, and complex structure. This structure consists of a sequence of continuous and folded layers inside a network with, apparently, a higher amount of smaller pores (Figures 11(e) and 11(f)). Evidently, in the cases of these systems, the presence of porphyrin isomers induces particular textural effects.
As it is well known, porphyrin macrocycles are tetradentate agents which form complexes with practically all metallic elements of the periodic table [2] [3] [4] . In order to probe the existence and evaluate the amount of porphyrin macrocycle integrated to the structure of polyamide, the preparation of the respective cobalt complexes was performed. For example, the UV-Vis spectra of the CoT(p-NH 2 )PP complex in solution (Figure 12(a) ) show an intense Soret band, shifted to longer wavelengths located at 438 nm. In the region of bands, the III and II bands remain situated at around 555 and 597 nm. The last pathway of signals is characteristic of porphyrinic complexes [2] [3] [4] . In the respective UV-Vis spectra of samples of Nylon 66 synthesized with H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP and obtained after the reaction with CoCl 2 , signals of porphyrinic complexes formation are observed. In both cases, the detected Soret bands are of a high intensity, broad, red-shifted, and located at 442 and 451 nm for the samples labeled as Ny 66-Co-o-NH 2 and Ny 66-Co-p-NH 2 , respectively (Figure 12(b) ). In the spectrum of the last sample, only the III and II bands are observed at around 550 and 592 nm. For the case of Ny 66-Co-o-NH 2 sample, the III and II bands are observed as shoulders at around and 549 nm. The bands displayed in the spectra of the two systems confirm the formation of the respective complexes by substitution of the two central hydrogens of porphyrin by cobalt ions. However, the deformation of the pathway of these bands may be attributed to the interactions of cobalt porphyrins with polyamide chains. The amount of cobalt integrated to the polymeric systems results is lower for the system synthesized with the H 2 T(o-NH 2 )PP species, while this same amount was higher for the polymer containing the H 2 T(p-NH 2 )PP species.
International Journal of Polymer Science From the EDS analysis of Ny 66-Co-o-NH 2 , a uniform distribution of carbon (Figure 13(b) ) is evident; contrastingly, the nitrogen distribution (Figure 13(c) ) follows a pathway that coincides with the borders of the curved layers observed in the SEM micrograph (Figure 13(a) ). The carbon distribution can be associated to the six carbons existing in adipic acid and hexane diamine chains that are present in the polyamide chains and also with the carbon skeleton of porphyrins. However, the nitrogen distribution can only be associated to the nitrogens of amide groups, to the four central porphyrinic nitrogens, and to the four peripheral nitrogens, attached at the ortho-or para-positions of phenyls in the macrocycle.
The amount of cobalt detected in the Ny 66-Co-o-NH 2 and Ny 66-Co-p-NH 2 systems is very low (Table 1) ; nevertheless, it allows to calculate the approximated amount of monomer units present in every material. Having that in mind, the cobalt complex formed with a porphyrin macrocycle has the molecular formula CoC 44 H 32 N 8 , and four chains of the same length can be formed from the ortho-or para-NH 2 groups attached at the periphery of macrocycle;
International Journal of Polymer Science Table 1) . Because of the lower basicity of the -NH 2 groups attached in the H 2 T(o-NH 2 )PP and H 2 T(o-NH 2 )PP species, compared with the basicity of the hexanediamine, the formation of the Nylon 66 takes place faster and in a more easy way. However, the above mentioned results suggest that, in presence of the porphyrins, the formation of polyamide chains occurs easily with the H 2 T(o-NH 2 )PP species, in which there exist two amine groups above and two other below the molecular plane. The integration of the porphyrins to the polyamide chains occurs began, or ending, on the -NH 2 groups, with the interactions between the two polyamide chains arising as in pristine Nylon 66. This situation makes the incorporation of additional porphyrin macrocycles between the same two chains difficult (Figure 14(a) ), which probably takes place only with one of the two chains that grows at every side of the molecular plane of the H 2 T(o-NH 2 )PP species. By these effects resulting rare the incorporation of another porphyrin with two shared chains of the four polyamide chains grow from every H 2 T(o-NH 2 )PP species. By the same reasons, the length of the lateral chains formed around the H 2 T(o-NH 2 )PP species is longer and has a low porphyrin concentration than those evaluated in the Ny 66-p-NH 2 sample. The polymerization of the four polyamide chains begins from the H 2 T(p-NH 2 )PP species which occurs with lower steric hindrance existing around the four peripheral -NH 2 groups attached and localized in the same molecular plane of porphyrin (Figure 14(b) ). The hydrogen and dipoledipole interactions of amide groups are the principal responsible of the macroscopic structure of the formed polyamide network, with the H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP species determining only the initial growing and particular spatial disposition of polyamide chains. Perhaps, by this reason, the macroscopic structure of polyamide contained in H 2 T(p-NH 2 )PP results to be rougher, denser, and with smaller pores Figure 14 : The spatial position of amine groups in ortho-or para-NH 2 substituted tetraphenyl porphyrins induces the growth of different pathways on Nylon 66 fibers. than those obtained with H 2 T(o-NH 2 )PP (Figures 11(b) and 11(c)). All the above mentioned evidence suggests that the spatial localization of amine groups in the ortho-and para-amine substituted tetraphenylporphyrins induces important effects on the length, spatial disposition, and on the crossing and linking of polyamine chains. Furthermore, the polymerization occurs in such way that starts or ends over the -NH 2 groups of the H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP species. In the case of the H 2 T(o-NH 2 )PP species, the polyamide chains can be formed above and below of the molecular plane (along the -axis direction in Figure 14(a) ). In the case of H 2 T(p-NH 2 )PP, these chains can be formed at the periphery of the macrocycle (i.e., the -plane in Figure 14(b) ). In the two cases, hydrogen bonds and dipole-dipole interactions between polyamide chains are responsible for the macroscopic structure of the polymer.
UV-Vis and fluorescence spectra suggest that polyamide chains interact stronger with the H 2 T(o-NH 2 )PP species than with the H 2 T(p-NH 2 )PP species. Additionally, the formation of cobalt complexes is more effective and in a higher amount, in the case of the network synthesized from H 2 T(p-NH 2 )PP, thus suggesting the existence of weak inhibiting effects over the central window of the macrocycle to coordinate cobalt or other cations. The last results suggest that the preferred direction for the growing of polyamide chains is initially determined by the position of the -NH 2 groups on the porphyrin. That is, the porphyrin macrocycle functions as a nucleation point (knot) that reinforces the Nylon structure and inhibits the formation of very long polyamide chains, but without creating a great interference with hydrogen bonds and dipole-dipole intermolecular interactions.
The above results suggest the incorporation of only a low amount of porphyrin molecules but still enough to display a notable fluorescence emission (Figures 6 and 10 ) and to form detectable amounts of cobalt atoms coordinated to the porphyrin structure. However, the possibility of increase the basicity of the -NH 2 groups of the H 2 T(o-NH 2 )PP or H 2 T(p-NH 2 )PP species exist for optimiz its integration to the polyamide chains. In a deeper investigation of the effect of using ortho-or para-substituted porphyrins on the structure of polyamides, our research group is now exploring the consequences of employing other porphyrin substituents or of other polyamide monomers, such as aromatic diamines or dicarboxyls. This possibilities suggest that the method can be optimized to a higher degree in order to synthesize new materials suitable to be used in optics, catalysis, sensors, membranes, medicine, and, if conductive polymers are included, in photoelectronic.
Conclusions
The results of the present document show that the incorporation of tetrapyrrole macrocyclic species is possible, such as the substituted porphyrins, in the structure of known polymeric chains such as Nylon 66. The integration of substituted porphyrinic molecules with spatial functional groups for the growing of polyamide chains induces beneficial structural and textural effects on the Nylon 66 matrix.
The number and spatial position of the amine groups (-NH 2 ) at the ortho-and para-positions of phenyls of tetraphenylporphyrins, incorporated to the polymerization reaction of adipoyl chloride and hexanediamine, produce two different modified Nylon networks. The use of H 2 T(p-NH 2 )PP species apparently induces the formation of a more homogeneous but rougher porous matrix than that of the H 2 T(o-NH 2 )PP species. However, the existence of four central nitrogens in the porphyrin macrocycle makes the synthesis of the respective cobalt complexes possible; these systems are suitable of be used with other cations such as transition metals, lanthanides, and actinides.
The optimization of the above mentioned methodology can render new materials suitable to be used in diverse technological fields as optics, catalysis, sensor, medicine, or inclusively in electronics if conductive polymers are incorporated.
